Introduction
Recently much effort has been directed to the construction oflow dimensional organic conductors comprising phthalocyanines (Pc's). Well known are single crystals of partially oxidized (metallo-) Pc's [1], Pc's as disco tic liquid crystals [2] , and metallo-Pc's polymerized through suitable bidentate ligands [3] . All of these systems consist of columns of face to face stacked macrocycles with small inter-planar dis tances, Charge transport of electrons or holes occurs via n -n overlap of the macrocyclic ligands, via a one dimen sional chain of metal centres, or via a metal-ligand-metal chain. We achieved an alternative way of stacking by adding cations to Pc's to which four crown ether rings are attached [4] .
In solution "crowned"-phthalocyanine 1 tends to form aggregates. Aggregation is induced by alkali metal ions which coordinate to the crown ether rings. This aggregation is particularly notable when the diameter of the ion exceeds the inner diameter of the crown ether rings. In these aggre gates the cations are sandwiched between two crown ether rings. Also, by using cations with different diameters, we are able to influence the interplanar distance and staggering angles between the Pc ligands. In an earlier communication [5] , we reported on the electrical conductivity of 1 in its solid state. This conductivity increases when 1 is complexed with alkali metal picrates. Picrate salts were used to reduce anion conduction by steric hindrance.
In the present paper we propose a structure of 1 and of its K + , R b+, and C s+ picrate complexes on the basis of X-ray powder diffraction patterns. Moreover, the electrical properties of the solid state compounds were studied by a.c. impedance spectroscopy. CuPc was used as a reference com pound.
Experimental
Preparation of alkali metal picrate complexes of (4,5,4',5',4",5",4'",5'"-tetrakis(l,4,7,I0,13,16-hexaoxahexadecamethylene)phthalocyaninato)copper(II) (1)
C o m p o u n d 1 was synthesized as described previously [4a] , Its K.+, R b + a n d C s+ p icrate complexes were prepared by m ixing 1 (0.07 m ol) w ith the a p p ro p ria te picrate salt in a 1 :4 ra tio in 20 ml dry c h lo ro fo rm -m e th an o l (1:1 v/v) and stirring for two days a t 40 °C un d er a n a tm o sp h ere o f dry nitrogen. A precipitate was form ed which w as isolated by filtratio n and washed w ith h o t chloroform , and subsequently w ith h o t m ethanol until a colourless filtrate was obtained. T h e p ro d u c t w as d ried in vacuum over P 2O 5 
X-Ray Diffraction
X -ray pow der diffraction patterns of all polycrystalline com pounds studied were recorded on a G uinier Joliansson F R 552 pow der diffractom eter (E N R A F -N O N IU S-C uK at), and on a Kiessig pow der diffractometer using Ni-filtered C u K a ra diation (100 and 400 m m sample-film distances were used). U nit cells o f the studied com pounds were generated using C PK -m odels, and a local com puter program based on the trial and e rro r m ethod of H enry, U pson, and W ooster [8] .
A.c. Impedance Spectroscopy
T o prep are samples the m aterials were pow dered in a m o rta r and pressed a t a load of 3 tons in disc-shaped com pacts w ith a diam eter of 6 mm, and a thickness o f 0.6 to 1.2 mm. S puttered platinum electrodes were applied using an E dw ards S putter C oater S 150B. T he samples were m ounted in a conventional conductivity cell provided with resistive heating. Sam ples with sputtered film electrodes were springloaded between two P t disks. A con stan t flow of purified nitrogen was used. Im pedance spectra were recorded in the frequency range 10~1 to 6.5 x 104 H z using a S olartron 1250 frequency response analyser and a Solartron 1286 electrochem ical interface. Reliable conductance values could be m easured from a b o u t 130"C. The tem perature range studied was 130°C to 250°C, Bulk resistances were obtained from analysing the com plex plane representations of the recorded im pedance spectra. T he electrical equivalent circuits describing the im pedance spectra were d eter m ined by a detailed non-linear least-squares analysis [6] providing inform ation on electrode polarization phenom ena as well. T he con ductivity activation energies, E 0, were calculated from conventional A rrhenius plots of the tem perature dependence of the conductivity, a -ff0 exp [ -E J k T ] . Dielectric constants (e) were calculated from A the high-frequency capacitance Cm = eeo -where % = 8.85 x 10" 12 F /m , while d, and A are the thickness, and electrode surface area of the samples.
Seebeck Measurements
T he type o f charge carriers in the sam ples was determ ined b e tween 150 a n d 170°C using the h o t po in t pro b e technique. Seebeck voltages w ere m easured w ith a K eithly 614 electrom eter.
Results and Discussion

Description o f the Structure
The sharp X-ray powder diffraction patterns of 1 and of its metal picrate complexes indicate the crystalline nature of the samples. Using a computer program, CPK models, and literature data on Pc's, we tried to derive the structure of each compound from its diffraction data. Since powder pat terns do not provide a unique structure, we were only able to propose structures that are not in contradiction with the X-ray patterns.
Recently Although the X-ray measurements gave sharp powder dif fraction patterns, it proved to be impossible to determine exact positions of the molecules in the proposed cells.
Electrical Measurements
The electrical properties of phthalocyanine 1, and of its K +, Rb+, and C s+ picrate complexes were studied in the solid state by a. c. impedance spectroscopy. CuPc was used as a reference compound. Fig. 4 shows typical impedance spectra for the rubidium picrate complex of 1, 1 • R b+, at 155°C. Similar spectra were obtained for 1 and for its other metal picrate complexes. All spectra suggest that electrode polarisation phenomena are absent and that electronic con ductivity predominates.
Seebeck measurements revealed compound 1 and CuPc to be p-type electronic conductors, as has earlier been ob served for CuPcJ1, whereas the K +, Rb+, and Cs+ picrate complexes of 1 exhibit n-type electronic conductivity. The rubidium picrate complex of the metal free derivative of 1 showed n-type conductivity as well. For copper phthalo-0*1 The temperature dependence of the electrical conductivity a of the prepared compounds, plotted as in c (7 T ) versus i / T is shown in Fig. 7 . The isothermal electrical conductivity at 180°C and the conductivity activation energy, E u are pre sented in Table 1 . As can be seen in Table 1 and Fig. 7  compound 1 shows a higher electrical conductivity, and a lower activation energy than CuPc. A substantial increase in electrical conductivity occurs when 1 is complexed with an alkali metal ion. This increase is larger for Rb+ and Cs+, than for K +. This can be explained by the fact that complexation of an alkali metal ion results in aggregates with eclipsed phthalocyanine units. Rb+ and Cs+ ions slightly decrease the interplanar spacing and change the angle of staggering between the macrocycles as is concluded from the X-ray powder diffraction patterns, resulting in an in creased n -n overlap [15] . This overlap could be higher for Rb+ than for C s+ because the latter has a larger diameter. In the K + complex of 1, picrate anions are intercalated between eclipsed macrocycles, but the ordering of the Pc stacking is less than for the rubidium and cesium complexes. The overall effect is a higher conductivity activation energy. From the presented data it can be concluded that the elec trical properties are affected by a variation in the angle of staggering between the Pc macrocycles. Table 1 Electrical conductivity (a) at 180°C, activation energy (£"), and type of con ductivity of 1, its metal picrate complexes, and of CuPc For all samples the CPE Q2, with an impedance Z = (^(ico)")-1 , has a value for a between 0.1 and 0.4, and has, therefore, the character of a resistance. We relate the pres ence of this CPE to current inhomogeneities, which occur due to barriers from cross-linking of the metal picrate ag gregates of 1 as visualised in Fig. 8 . Charge transport re quires hopping between phthalocyanine stacks. The acti vation energies Ea(Q2) for this hopping process are given in Table 2 . These values are similar to the activation energy, found by Belarbi et al. [16] , required for intermolecular electron hopping between Pc2Lu subunits. The conduction activation energies, E a, related to charge transport within The dielectric constant (s), obtained from the high-frequency capacitance Cm, of polycrystalline 1, its K +, Rb+, and Cs+ complexes, and CuPc are listed in Table 3 . These values are higher than earlier published data on phthalocyanines [20] , The values are, however, strongly de pendent on the morphology, preparation, and compaction methods of the samples. In this respect, the present samples differ from the samples in Ref. [20] . 
